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Autism Spectrum Disorder (ASD) is deﬁned by several behav-
ioral characteristics, including a strong tendency for visual detail
processing as compared to typically developed people (for a review
and discussion see Dakin & Frith, 2005). However, as yet, there is
no standing explanation for this aspect of ASD from a neurobiologi-
cal point of view. In the current paper, a clariﬁcation for increased
visual detail processing in ASD is proposed and investigated based
on insights in the role of feedforward and feedback activity in vi-
sual perception (Altmann, Bulthoff, & Kourtzi, 2003; Bullier,
2001; Deco & Zihl, 2001; Hupe et al., 1998).
In a recent model on visual perception, the reverse hierarchy
theory, feedforward and feedback processing are directly associ-
ated with the perception of global and local aspects of a stimulus,
respectively. According to this theory, feedforward processing oc-
curs ﬁrst, resulting in a representation of the global aspects of a
scene at higher cortical levels. Later recurrent processing to lower
areas provides detailed information (Hochstein & Ahissar, 2002).
The balance between feedforward and feedback activity is proba-ll rights reserved.
f Psychology, University of
rdam, The Netherlands.
).bly essential for the character of visual perception. If feedforward
activation is stronger than feedback, there will be a relatively large
impact of global features on the resulting percept, leading to, for
instance, global precedence in a Navon task as is the case in healthy
people (Navon, 1981). On the other hand, if feedback activity is
stronger compared to feedforward, this will lead to an overrepre-
sentation of details in a visual scene. Previous research on ASD
has indicated impaired global precedence (Plaisted, Swettenham,
& Rees, 1999; Rinehart, Bradshaw, Moss, Brereton, & Tonge,
2000) as well as enhanced detail perception (Behrmann, Thomas,
& Humphreys, 2006; Happé & Frith, 2006). Apparently, a disturbed
balance between feedforward and feedback processing in ASD
could be due to weaker feedforward or stronger feedback activity.
Either way, the imbalance seems in favor of feedback.
For this reason, the present study is aimed at testing visual
feedforward and feedback functioning in subjects with ASD. This
will be done according to a model about how feedforward and
feedback processing contribute to the process of segregating
scenes into objects and background (Roelfsema, Lamme, Spe-
kreijse, & Bosch, 2002). The model is based on numerous ﬁndings
in monkey visual cortex (Angelucci et al., 2002; Lamme, 1995;
Lamme, Rodriguez-Rodriguez, & Spekreijse, 1999; Lamme & Roelf-
sema, 2000; Super, Spekreijse, & Lamme, 2001; Vanessen, Ander-
son, & Felleman, 1992) and formalized in a neural network
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processing, as shown in Fig. 1.
In the model (Roelfsema et al., 2002), elementary features such
as lines and orientations (Fig. 1A) are detected by neurons in early
visual areas (e.g. V1, see Fig. 1B).
Lateral inhibition between orientation detectors with similar
tuning preferences is mediated by horizontal connections (blue ar-
rows in Fig. 1B). This inhibition reduces activity when adjacent
neurons are stimulated with similar orientation (as is shown in
numerous neurophysiological recordings, e.g. Knierim & Vanessen,
1992). Consequently, activity is relatively elevated at the boundary
between regions of different orientation (the ‘bumps’ in Fig. 1B),
i.e., at the ﬁgure-ground boundary. The V1 signal is projected to
areas V2, V4, and IT via feedforward connections (red arrows in
Fig. 1B). At the level where the receptive ﬁeld of the neurons
encompass the whole ﬁgure (e.g., in IT, see left panels in Fig. 1B),
the bumps of elevated activity merge into a single bump. Feedback
connections (green arrows in Fig. 1B) send signals from higher to
lower areas, resulting in the ‘ﬁlling in’ of activity between the
bumps. In the end, the region of V1 neurons corresponding to the
ﬁgure has a uniformly elevated activity compared to the region
of V1 neurons corresponding to the background (Fig. 1B, right
panel).
The model thus provides a strict and neurophysiologically moti-
vated basis for studying the hypothesized imbalance between
feedforward and feedback processing in ASD patients. It should
be noted that in this model the role of visual feedforward or hori-
zontal and feedback processing is related to texture boundary
detection and surface segregation, respectively, whereas in the
model of Hochstein en Ahissar (Hochstein & Ahissar, 2002) these
neural mechanisms are related more explicitly to the perceptionFig. 1. (A) Example of a texture deﬁned stimulus. (B) In the model of Roelfsema et al. (20
perception of a ﬁgure on a background (‘Input’, schematic representation of A). Differenof global information and details, respectively. In both models
the same visual mechanisms are described, but from a relatively
different perspective. Since Roelfsema et al. are explicit about the
role of feedforward and feedback processing in ﬁgure-ground seg-
regation, their model offers a good opportunity to test these mech-
anisms in ASD.
Recently, Scholte (Scholte, 2003; Scholte et al., 2003; see also
Vandenbroucke, Scholte, Engeland, Lamme, & Kemner, 2008) has
shown how visual feedforward and feedback interactions relate
to ﬁgure-ground segregation in human visual cortex. Scholte used
three stimuli: a textured background where no ﬁgure was present,
called the homogeneous stimulus, and so-called ‘frame’ and ‘stack’
stimuli (see Fig. 2).
The frame stimulus consists of an ‘empty’ frame (border) on a
homogeneous background. In case of the stack stimulus the inside
of the frame is ﬁlled with lines of a third orientation. These three
stimuli contain the same elementary features, i.e. lines with spe-
ciﬁc orientations. By using, in different exemplars of each stimulus,
all orientations for background, frame, or the region within the
frame, these low level features can be fully balanced over trials.
In addition, the setup allows for selectively discounting activity
that is caused by the orientation discontinuity (arising from hori-
zontal interactions, see Fig. 1): stacks and frames contain the same
amount of orientation boundaries. The only difference between
stacks and frames is that stacks contain an extra texture deﬁned
surface, which results in a percept of the stacking of two squares.
Scholte applied these stimuli both in an EEG and functional MRI
setting. When contrasting the neuroimaging signals of the frame
and homogeneous stimulus, for which the resulting signal is re-
lated mainly to boundary detection, activity reﬂecting early feed-
forward and horizontal processing was revealed. The ‘stack02) activity in feedforward, horizontal and feedback connections is essential for the
t grey levels represent different line orientations.
Fig. 2. Examples of a homogeneous, a frame and a stack stimulus. Upper ﬁgures: actual ﬁgure conﬁgurations. Lower ﬁgures: schematic representation of the three stimuli.
The different gray levels represent different line orientations.
Table 1
IQ was measured using the full WAIS-III for subjects with ASD
Age in years TIQ (SD)
Control (N = 31) 21,6 (2,1) 117,3 (7,9)
ASD (N = 13) 20,8 (4,1) 120,5 (11,1)
A short version of the WAIS-III was used to determine IQ for the control subjects.
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segregation, revealed recurrent processing throughout the occipi-
tal cortex (Scholte, 2003; Scholte, Jolij, Spekreijse, & Lamme,
2003; see also Scholte, Jolij, & Lamme, 2006). A comparable,
depth-cued frame stimulus was used by Zipser, Lamme, and Schil-
ler (1996) who also showed a lack of the ﬁgure-ground related sig-
nal in V1 for the frame-homogeneous contrast. On the contrary, so
called ‘moat’ stimuli, where a depth-cued square is separated from
a background by a moat, did reveal ﬁgure-ground segregation in V1
(Zipser et al., 1996).
Apparently, by using homogeneous stimuli, stacks, and frames,
feedforward and feedback activity can be disentangled. Therefore,
we used these stimuli in a discrimination task, to study visual per-
ception in ASD. We conjectured that the balance between feedfor-
ward and feedback activity will be disturbed in favor of feedback in
people with ASD, which would lead to lower performance scores
on the discrimination task. More speciﬁcally, we expected that if
feedforward or horizontal processing is weak, edge detection
mechanisms will be disturbed and frames (and possibly stacks)
will be incorrectly perceived as homogeneous stimuli. On the con-
trary, if feedback activity is stronger in ASD, ﬁgure-ground segrega-
tion mechanisms will be relatively enhanced, resulting in
incorrectly judging frames as stacks (i.e. ﬁlling-in of the ﬁgure in-
side the frame).
We extended the experimental stimuli and conditions as used
by Scholte (2003), Scholte et al. (2003), to parametrically investi-
gate possible abnormalities in visual feedforward and feedback
mechanisms in ASD. First, we used various widths of the borders.
In addition, we have applied the paradigm three times; initially,
only performance was measured, while in the second and third
session brain activity was measured as well using EEG and func-
tional MRI. In the present paper, we present and discuss the behav-
ioral data of the three sessions.2. Methods
2.1. First measurement
2.1.1. Subjects
Thirty-one control subjects (three females) and 13 subjects
(two females) with ASD participated in this study (ﬁve with a diag-
nosis of Autistic syndrome, eight with a diagnosis of Asperger Syn-
drome). The diagnostic evaluation included a psychiatric
observation (using DSM-IV criteria) and a review of prior records
(developmental history, child psychiatric and psychological obser-
vations). There were no signiﬁcant age or IQ differences between
the groups (see Table 1). All subjects had normal or corrected to
normal vision. The parents of the subjects with ASD were adminis-
tered the Autism Diagnostic Interview Revised (Lord, Rutter, & Le
Couteur, 1994) and subjects with ASD were administered the Aut-
ism Diagnostic Observation Schedule General (Lord et al., 1989),
both by a trained rater. Twelve subjects met ADI-R criteria for
ASD; one subject did not meet criteria for Stereotyped Behavior
(this subject did meet ADOS-G criteria). All patients, but one
(who did meet ADI-R criteria), met the full ADOS-G criteria for
ASD. All subjects were medication free except for one subject with
ASD (who used 20 mg Seroxat and 3 mg Risperdal per day) and had
no signiﬁcant neurological history. All subjects received a money
reward for their participation. The study was approved by the
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and subjects gave written informed consent prior to participation.
2.1.2. Stimuli, conditions and procedure
Stack, frame and homogeneous stimuli (Fig. 2) were made of
black line segments (0.9 cd/m2), with a length of 0.36, a width
of 0.02 and an average density of 4.2 line segments per degree,
projected randomly on a white background (103 cd/m2). Four ori-
entations (22.5, 67.5, 112.5, 157.5 degrees) of the line segments
were used in a balanced way to create the stimuli. The line orien-
tation at each edge of the texture border of frame and stack stimuli
was always at 45with that of the background and at 45with that
of the region enclosed by the border. In frame stimuli, the line ori-
entation of the enclosed region was the same as that of the back-
ground, whereas in stack stimuli the line orientation of the
enclosed region was at 90 with that of the background.
The difﬁculty level of the discrimination task was manipulated
in three experimental conditions by changing different stimulus
attributes: (1) the width of the border was varied (condition A,
see Fig 3), (2) the size of the inner square was varied (conditionFig. 3. Examples of frame stimuli in the three conditions, each with ﬁve levelB, see Fig 3), (3) both the border and the inner square were varied
in size, but the total ﬁgure size remained the same (condition C, see
Fig 3). The latter condition was added to control for total ﬁgure size
as a possible confound on performance levels. For each condition,
ﬁve levels were used. In condition A the border width was varied
from 0.32 to 1.29 and inner square size was always 1.93. In con-
dition B the inner square size ranged from 0.97 to 2.89 and the
border width was always 0.80. In condition C the total ﬁgure size
was constant (3.53), the border width varied from 0.32 to 1.29
and the inner square size varied from 0.97 to 2.89. We expected
that increasing the border width and decreasing the inner square
size would lead to a less accurate perceptual interpretation of
the stimuli in both groups, in particular a higher rate of confound-
ing stacks and frames.
Subjects ﬁxated a red dot (24 cd/m2, 0.24) in the centre of the
computer screen which was present during the whole trial. Stimuli
were presented randomly for 267 ms at an unpredictable location
in one of the quadrants of the screen (eccentricity = 1.7), followed
by a mask (1017 ms), consisting of the same line elements, but
now in random orientations. Subjects had to indicate as fast as pos-s of manipulation. Different grey levels reﬂect different line orientations.
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(right index ﬁnger for frame stimuli, left index ﬁnger for stack
stimuli, left middle ﬁnger for homogeneous stimuli). Responses
that occurred after the start of the next trial were registered as
miss trials. Three experimental settings made sure subjects had
to rely on their initial percept and that a direct ‘cognitive’ compar-
ison of the inner square with the background would be impossible:
(1) the short presentation duration of the stimuli (267 ms), (2) the
unpredictable appearance of the stimuli in one of the quadrants of
the screen, (3) the appearance of the mask. Subjects practiced the
discrimination task beforehand with three different practice
blocks. Then, four experimental blocks with four stimuli per level
and four homogeneous stimuli were presented.
2.1.3. Data analysis
Percentage correct and reaction times were separately analyzed
in a repeated measures ANOVA with Stimulus type (stack/frame),
Condition (3 Conditions) and Level of manipulation (i.e. borderFig. 4. Percentage correct for the three conditions as a function of Level of manipulation (
extreme levels for frames, where different gray scales represent different line orientation
bars represent the standard error of the mean.width and/or inner square size, 5 Levels) as within subject factors
and Group (patient/control) as a between subjects factor. Since the
homogenous stimuli could not be parametrically manipulated, per-
centage correct and reaction time data for this stimulus were com-
pared between groups using a one-way ANOVA. As indicated in the
introduction, the incorrect response pattern (e.g. classifying frames
as stacks) gives the ability to point more speciﬁcally at a deﬁcit in
either feedforward or feedback processing in ASD. The incorrect re-
sponses were analyzed post-hoc.
2.2. Second and third measurement
2.2.1. Subjects
The same subjects from the ﬁrst measurement participated in
the second and third measurement, with the exception of two con-
trol subjects who withdrew after the ﬁrst measurement; the data
of one control subject of the second measurement were not avail-
able due to technical reasons and one subject with ASD withdrewsee Fig. 3) separately for each subject group. The icons on both sides reﬂect the most
s and shaded regions represent the stimulus attribute that was manipulated. Error
Fig. 5. Percentage correct plotted for the three conditions, separately for homoge-
neous (‘hom’, upper panel only), stack and frame stimuli for each subject group.
Error bars represent the standard error of the mean.
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not participate in the third measurement to conﬁne the costs. This
resulted in the participation of 28 control subjects vs. 13 subjects
with ASD in the second measurement and 25 controls vs. 12 sub-
jects with ASD in the third measurement. The delay between the
different measurements was always at least two weeks with a
maximum of nine months in the ASD group and a maximum of
twelve months in the control group. The mean interval between
the ﬁrst and second measurement was 3.9 months in the control
group and 5.4 months in the ASD group; the mean intervals be-
tween the second and the third measurement were 1.9 and 1.4
months, respectively.
2.2.2. Stimuli, conditions and procedure
Again stack, frame and homogeneous stimuli were used in a dis-
crimination task, but now only the manipulation of border width
(condition A) was applied with three levels (the ﬁrst, the third
and the ﬁfth level, see Fig. 3). This allowed us to use a higher num-
ber of stimuli per level. Condition A was considered best for subse-
quent testing since the ﬁrst measurement revealed that
performance was the highest for both groups and the largest differ-
ence between subjects with ASD and controls was found (see
Fig. 4). All other conditions were as in the ﬁrst measurement.
2.2.3. Data analysis
Percentage correct and reaction times were analyzed as in the
ﬁrst measurement (i.e. using a repeated measures ANOVA with
Stimulus type (stack/frame) and Level of border width (3 levels)
as within subject factors and Group (patient/control) as between
subject factor; homogeneous stimuli with a one-way ANOVA and
incorrect responses were analyzed post-hoc). Because a repeated
measures ANOVA excludes subjects that do not participate in all
sessions, we analyzed the data of the two measurements
separately.
3. Results
3.1. First measurement
3.1.1. Performance on stack, frame and homogeneous stimuli
For both subject groups, we found a difference in overall perfor-
mance between the three conditions, which are displayed in three
separate graphs in Fig. 4. In each graph percentage correct for both
groups is plotted against Level of manipulation (one–ﬁve, see also
Fig. 3 for the different conditions and levels). The manipulation of
the inner square size (condition B) and the manipulation of both
the inner square and the border width (condition C) resulted in
overall lower performance scores as compared to the condition
where only the border width was varied (Condition A,
F(84,2) = 7.035, p = .001). Fig. 4 also reveals that, as expected, perfor-
mance decreased with increasing border width and decreasing in-
ner square size (i.e. a main effect of Level of manipulation,
F(168,4) = 71.644, p = .000). We would like to note that the total ﬁg-
ure size did not inﬂuence performance. Percentage correct in con-
dition C, where total ﬁgure size was held constant, was similarly
inﬂuenced by the manipulation level of inner square size and bor-
der width as performance in conditions A and B, where total ﬁgure
size changed with manipulation level (see Fig. 4).
Further, we analyzed which stimuli were best identiﬁed in the
different conditions. In all three conditions, both subject groups
scored lower on frame stimuli than on stack stimuli as indicated
by a main effect of Stimulus type (F(42,1) = 31.323, p = .000). In
Fig. 5 percentage correct for stack and frame stimuli is separately
plotted against Level of manipulation for each subject group. The
ﬁgure shows that performance for stack and frame stimuli was dif-
ferently inﬂuenced by Level of manipulation. These stimuli wereequally well identiﬁed when borders were thin and the inner
square was large (level one), whereas with increasing border width
and decreasing inner square size (level two to ﬁve), performance
declined for frame stimuli, while the correct identiﬁcation of stack
stimuli was maintained (this interaction between Level of manip-
ulation and Stimulus type was apparent in all three conditions,
F(168,4) = 32.907, p = .000).
More importantly, we expected that due to an imbalance be-
tween feedforward and feedback activation levels, subjects with
ASD would have lower performance scores compared to controls.
This was indeed revealed by the repeated measures ANOVA for
stacks and frames; the overall difference in performance between
the groups becomes clear from Fig. 4 (F(42,1) = 7.987, p = .007). More
Fig. 6. (A) The percentage incorrect responses of ‘stack classiﬁed as frame’ and ‘frame classiﬁed as stack’ for the control and ASD group. (B) The percentage incorrect responses
of ‘stack classiﬁed as homogeneous’ and ‘frame classiﬁed as homogeneous’ for the control and ASD group. The separate data points represent the percentage of incorrect
responses of homogeneous stimuli classiﬁed as frames (‘h as f’) and as stacks (‘h as s’) for both groups. Error bars represent the standard error of the mean (p < .05; p < .01).
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cantly lower on frame stimuli compared to control subjects,
whereas performance for stack stimuli was the same in both
groups. This was conﬁrmed by a signiﬁcant interaction between
Group and Stimulus type in condition A (F(42,1) = 4.223, p = .046),
tested post-hoc as a result of a three-way interaction between
Group, Stimulus type and Condition (F(84,2) = 3.493, p = .035). In
condition C, where both the border and the inner square size were
manipulated, the difference between the groups in performance on
frame stimuli almost reached signiﬁcance (F(42,1) = 3.999, p = .052).
Finally, subjects with ASD also scored lower on homogeneous stim-
uli compared to controls (F(42,1) = 25.172, p = .000; see Fig. 5, upper
panel).
As explained in the introduction, the balance between feedfor-
ward and feedback activity determines the interpretation of a vi-
sual scene, here homogeneous, frame and stack stimuli. The low
performance scores in the ASD group therefore indeed indicate
an imbalance between feedforward and feedback processing. The
analyses of the incorrect response should reveal the origin and
direction of this imbalance: is it in favor of feedforward or feedback
processing?
3.1.2. Incorrect response analysis
As mentioned above, subjects with ASD scored signiﬁcantly
lower than control subjects on frames in condition A, where only
the border size was manipulated. Fig. 6A shows the data of both
subject groups for ‘stack classiﬁed as frame’ and ‘frame classiﬁed
as stack’ plotted against level of border width (see Fig. 3). Fig. 6B
shows the data of both groups for ‘stack classiﬁed as homogeneous’
and ‘frame classiﬁed as homogeneous’ plotted against level of bor-
der width. Also depicted in this same graph are the percentage of
incorrect responses ‘homogeneous classiﬁed as frame’ and ‘homo-
geneous classiﬁed as stack’. The ﬁgures show that the lower perfor-
mance scores in subjects with ASD on frames was most
pronounced for the incorrect responses on frames with thin bor-
ders (level one). At this manipulation level subjects with ASD more
often than controls incorrectly responded stack (F(42,1) = 8.488,
p = .006, see Fig 6A) as well as homogeneous (F(42,1) = 4.538,
p = .039, see Fig 6B) to frame stimuli. Since the former misinterpre-
tation occurred more often, incorrectly classifying frames with thin
borders as stacks was the main reason that subjects with ASD
scored lower on frame stimuli compared to controls.
Finally, as mentioned in the previous section, subjects with ASD
also made more errors than controls in identifying homogeneousstimuli. This resulted in an overall higher rate of incorrect re-
sponses in the ASD group (see Fig. 6B). Both groups more often
incorrectly judged homogeneous stimuli as stacks than as frames
(F(42,1) = 5.755, p = .021, see Fig. 6B). This incorrect response pat-
tern did not differ between the groups (F(42,1) = 1.309, p = .259)
and it indicates a response bias for stacks (see discussion).
3.1.3. Post-hoc: Signal detection theory
As performance was similar between the groups on stack stim-
uli, but lower for the ASD groups on frames, a bias for stack stimuli
could have introduced this difference in performance. Therefore
we have applied signal detection theory (SDT) to the stack/frame
data. We used the perfect observer score, which is a measure for
the ability to discriminate between two stimuli (i.e. d’), indepen-
dent of a response bias. We should note that standard SDT is only
applicable to a two alternative forced choice task, while in the cur-
rent task subjects had to respond to three stimuli (Wickens, 2002).
We did not include homogeneous stimuli in the analyses displayed
below and the results, therefore, only serve as an indication of dif-
ferences between the groups.
In Fig. 7 we show the perfect observer score for the ASD and
control group, separately for the three conditions. The analysis
conﬁrmed that, overall, the ASD group scored lower than controls
(in Table 2 the F- and p-values (left columns) from the repeated
measures ANOVA are displayed for all effects described here). In
addition, the decrease in performance with increasing stimulus dif-
ﬁculty was still strongly signiﬁcant and there was a difference in
performance between the three conditions: the manipulation of
borders (condition A) resulted in higher scores compared to when
only the inner square (condition B) or both stimulus attributes
were manipulated (Condition C). Then, all three conditions sepa-
rately also revealed a signiﬁcant difference between the groups.
In condition A this group difference was even larger for stack and
frame stimuli with thin borders (level 1 and 2, as indicated by a
signiﬁcant interaction of group  level). Finally, we also calculated
the bias, which turned out to be in favor of stack stimuli (bias =
0.20k, t = 2.64, p = .012). Although the bias was slightly higher in
the ASD group (0.21k) compared to controls (0.19k), this bias did
not differ signiﬁcantly between the groups (F(1,42) = 0.01, p = .914).
Yet, we should note that without taking into account the third
alternative response, i.e. homogeneous, SDT would be a problem
if there is much confusion between stack or frame stimuli and
homogeneous stimuli. This was the case for frames with thin bor-
ders (level 1, see Fig. 6B), speciﬁcally in the ASD group (6%). This
Fig. 7. Perfect observer score of stack vs. frame discrimination for the different
levels of manipulation, separately for the ASD and control group.
Table 2
F- and p-values from a repeated measures ANOVA for perfect observer scores of stack
vs. frame discrimination, with different levels of manipulation and the three different
conditions as within subjects factors and group as between subjects factor
Level 1–5 Level 2–5
F P F P
Overall Group 7.88 .008 7.42 .009
Level 63.84 .000 52.04 .000
Group  Level 0.55 .699 0.238 .869
Condition 6.62 .002 13.68 .000
Condition A Group 6.08 .018 3.39 .073
Level 10.06 .000 7.88 .000
Group  Level 2.71 .032 0.56 .640
Condition B Group 6.13 .017 7.42 .009
Level 30.43 .000 26.54 .000
Group  Level 0.64 .636 0.67 .573
Condition C Group 8.25 .006 9.13 .004
Level 47.53 .000 32.92 .000
Group  Level 0.51 .729 0.61 .608
Left: results for all ﬁve levels. Right: results for levels two to ﬁve (see text for an
explanation).
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observer scores at this level and therefore the signiﬁcant differ-
ences between the groups. As it was considerably lower for the
other four levels of border width (about 1%), we also tested the per-
fect observer scores for these four levels only (i.e. level 2–5). It
turned out that the above mentioned differences between the
groups were still signiﬁcant (see F- and p-values in Table 2, right
columns; the group effect in condition A was only marginally
signiﬁcant).
The data from the SDT analysis indicate that the differences be-
tween the groups were strongly signiﬁcant, independent of a re-
sponse tendency. In addition, there was a response bias, in favor
of stack stimuli, but, this bias did not differ signiﬁcantly betweenthe groups. The difference between the groups in the incorrect re-
sponse pattern (subjects with ASD classiﬁed frame stimuli more of-
ten as stacks than control subjects) should therefore not be fully
attributed to a response bias, but probably also has a perceptual
origin. Finally, we should note that from these results we cannot
conﬁrm that after correction for bias, performance in the ASD
group would be selectively lower on frame stimuli. A bias might
also have inﬂuenced performance on stack stimuli: if detection of
stack stimuli is slightly impaired in ASD a response bias possibly
led to similar performance scores compared to controls.
3.1.4. Reaction times
The repeated measures ANOVA of the reaction times revealed
that there was no difference in the mean reaction times between
subjects with ASD (695 ms, SD = 114) and controls (725 ms,
SD = 87, F(42,1) = .973, p = .330) on stack or frame stimuli, nor on
the homogeneous stimuli (ASD 707 ms, SD = 72; controls:
700 ms, SD = 98; F(42,1) = .055, p = .816).
3.2. Second and third measurement
3.2.1. Performance on stacks, frames and homogeneous stimuli
Fig. 8 shows the data of all three measurements in three sepa-
rate graphs to make a direct comparison possible. In each graph
percentage correct for both groups on stack and frame stimuli
are plotted against the three levels of border width (level one,
three and ﬁve, see Fig. 3) together with percentage correct on
homogeneous stimuli. Overall, subjects were again better in iden-
tifying stacks than in identifying frames (second measurement:
F(39,1) = 23.564, p = .000; third measurement: F(35,1) = 9.018,
p = .005, see Fig. 8). Also, performance decreased more for frame
than for stack stimuli with increasing border width, indicated by
the interaction between Level of manipulation  Stimulus type
(second measurement: F(78,2) = 10.931, p = .000; third measure-
ment: F(70,2) = 3.407, p = .039, see Fig. 7).
During the secondmeasurement, the ASD subjects still had low-
er performance scores on the discrimination task compared to con-
trols (F(39,1) = 4.419, p = .042), which was again due to lower scores
on frames but not on stacks (the interaction Stimulus type  Group
was signiﬁcant, F(39,1) = 8.350, p = .006, see Fig. 8). Performance on
homogeneous stimuli was also lower for the ASD group
(F(39,1) = 11.898, p = .001, see Fig. 8).
Interestingly, during the third measurement subjects with ASD
had reached the same overall performance levels as controls
Fig. 8. Percentage correct for the different measurements, plotted for homogeneous stimuli (‘hom’), and stack and frame stimuli with different border sizes, separately for
each subject group. Error bars represent the standard error of the mean.
Fig. 9. The percentage incorrect responses on ‘homogeneous classiﬁed as frame’
and ‘homogeneous classiﬁed as stack’ for the control and ASD group plotted against
measurement. Error bars represent the standard error of the mean.
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tween the groups on frame stimuli had disappeared (F(35,1) = .771,
p = .386). The patient group still scored lower on homogeneous
stimuli (F(35,1) = 11.437, p = .002, see Fig. 8). Apparently subjects
with ASD were able to discriminate between frames and stacks,
but it took them longer to learn this than control subjects.
3.2.2. Incorrect response analysis
During the second measurement subjects with ASD scored low-
er than controls on frame stimuli and their incorrect response pat-
terns ‘frame classiﬁed as stack’, ‘stack classiﬁed as frame’, ‘frame
classiﬁed as homogeneous’ and ‘stack classiﬁed as homogeneous’,
were similar to the ﬁrst measurement; hence, these data are not
shown here.
However, we noticed that for subjects with ASD the response
pattern of incorrectly judging homogeneous stimuli had changed
during the three measurements (see Fig. 9). Whereas during the
ﬁrst measurement, homogeneous stimuli were more often incor-
rectly judged as stacks, during the third measurement subjects
with ASD more often incorrectly judged homogeneous stimuli as
frames (as revealed by an interaction of Group  Incorrect re-
sponse (F(35,1) = 5.290, p = .028). This shift can be ascribed to the
improvement in performance of ASD subjects which was mainly
due to a lowering of the percentage ‘homogenous classiﬁed as
stack’. Note that the incorrect judgment of homogeneous stimulias frames did not change over the three measurements in the con-
trol or in the ASD subjects (see Fig. 9).
3.2.3. Reaction times
There was no difference in mean reaction times between the
groups during the second (ASD: 798 ms, SD = 108; controls:
766 ms, SD = 111; F(39,1) = .720, p = .401) and third (ASD: 767 ms,
SD = 125; controls: 742 ms, SD = 95; F(35,1) = .501, p = .484) mea-
surement on stack or frame stimuli, nor on homogeneous stimuli
(second measurement—ASD: 772 ms, SD = 103; controls: 724,
SD = 82; F(39,1) = 2.596, p = .115; third measurement—ASD: 734
ms, SD = 105; controls: 682, SD = 74; F(35,1) = 3.053, p = .089).4. Discussion
In this study we performed a psychophysical experiment to test
if there was an imbalance between visual feedforward and feed-
back processing in ASD. We used a forced-choice texture segrega-
tion task with three kinds of stimuli, stack, frame and
homogeneous, which could be discriminated on the basis of
boundary detection (frames versus homogeneous; established by
feedforward and horizontal processing) and on the amount of sur-
face present (stacks versus frames; established by feedback pro-
cessing). We did three measurements at different moments in
time and we explored if there was a change in performance. First
of all, our psychophysical results showed that the ﬁrst and the sec-
ond time the subjects performed the task, subjects with ASD over-
all scored lower on frame stimuli than controls. SDT showed that
the lower performance scores in the ASD group were apparent
independent of response bias. These results indeed conﬁrmed our
hypothesis that there is an imbalance between feedforward and
feedback activity in subjects with ASD. In addition, the incorrect re-
sponse analyses revealed that the lower performance scores on
frame stimuli was mainly due to the incorrect judgment of frame
stimuli as stacks. SDT also revealed that this incorrect response
pattern was probably not due to a response bias, as a bias—indeed
in favor of stack stimuli—did not signiﬁcantly differ between
groups (although slightly higher in the ASD group). Based on the
model of Roelfsema et al. (2002), we conjectured that the incorrect
perceptual interpretation is due to relatively high levels of feed-
back activity (see Introduction). Interestingly, at the third mea-
surement subjects with ASD had reached a similar performance
level as controls. The data indicate that the subjects with ASD in-
deed have aberrancies in the balance between feedforward and
feedback processing, but, after considerable practice, they were
able to compensate for this imbalance.
Taking into account the reverse hierarchy theory of Hochstein
and Ahissar (2002), we conjecture that an imbalance between
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tween the representation of, respectively, global aspects and de-
tails in a visual scene. Accordingly, we suggest that enhanced
detail perception as commonly found in ASD (Happé & Frith,
2006) could be due to enhanced feedback, as shown here. How-
ever, we should note that the relation between the stimuli we used
(stack/frame) and global or detail perception is only implicit.
A remarkable ﬁnding was that, besides the incorrect judgment
of frames, subjects with ASD also had lower performance scores
on homogeneous stimuli, incorrectly judging these as stacks or as
frames. Explaining this ﬁnding by means of the model is more dif-
ﬁcult. According to the model, it indicates that subjects with ASD
perceptually ﬁlled in edges and ﬁgures in a homogeneous back-
ground stimulus, i.e. that they have stronger feedforward, horizon-
tal and feedback connections. This is in contrast with the ﬁnding of
relatively stronger feedback activity only. Alternatively, it could be
suggested that the subjects with ASD paid less attention to the task
or they could be slower to reorient attention from the ﬁxation
point to the image which was ﬂashed unpredictably within one
of the four quadrants. However, this should result in overall lower
performance scores and in differences in reaction times between
the groups, which was not the case: performance on stack stimuli
and reaction times were similar. Another alternative explanation is
that a bias for stack stimuli, as shown by the post-hoc signal detec-
tion analysis, could have inﬂuenced performance on homogeneous
stimuli during the ﬁrst measurement. A bias is generally related to
task uncertainty and it is directed towards the stimulus that is the
most likely to occur, either in terms of the actual rate of appear-
ance or in terms of the perceptual rate of appearance (see signal
detection theory, Wickens, 2002). The latter explanation of a bias
is applicable to our experiment since perceptually stack stimuli oc-
cur more often than frame stimuli: in the difﬁcult condition (level
ﬁve, see Fig. 3) frames perceptually resemble stacks as is evident
from the high incorrect response pattern ‘frame classiﬁed as stack’,
depicted in Fig. 6A. Although we show that a bias for stack stimuli
did not differ signiﬁcantly between both groups, we can not ex-
clude the possibility that this bias underlies the differences in
incorrect responses on homogeneous stimuli: SDT was only ap-
plied to stack and frame stimuli and the bias was slightly higher
in the ASD group. Possibly, the bias diminished over sessions which
led to a similarly diminished incorrect classiﬁcation of homoge-
neous stimuli as stacks. Altogether, we can not, unfortunately, pro-
vide a standing explanation for this aspect of our data. For
clariﬁcation, it would be most interesting to develop a neural net-
work model capable of analyzing our stimuli, in which the strength
of feedforward and feedback processing could be manipulated.
We would like to stress that by comparing the perfect observer
score, a bias-free measure, between the groups we could exclude
the possibility that overall lower performance scores in the ASD
group are due to a response bias. Still, as indicated in the results
section, the SDT cannot reveal if the difference between the groups
is exclusively related to incorrect judgment of frames, as ﬁts with
our feedback hypothesis. We should not ignore a different conclu-
sion, namely that subjects with ASD score lower in general, but
they are relatively better at detecting stacks. This conclusion, does
not allow us to make deﬁnitive inferences about enhanced feed-
back processing in ASD.
Another alternative explanation for the present ﬁndings is that
subjects with ASD were simply counting the number of orienta-
tions that were present, instead of relying on boundary detection
and surface segregation. This explanation ﬁts with enhanced detail
perception in these patients. If ASD subjects counted more than
one orientation, they might have guessed that there were at least
two orientations (since the homogeneous stimuli were less fre-
quent), and the stimulus was a frame or a stack. Then, this guessing
strategy could have improved over sessions: when only one orien-tation was perceived, this means that there were one or two orien-
tations in the stimuli (in the third session homogeneous stimuli
were more often classiﬁed as frames), but three orientations were
unlikely. One result arguing against the hypothesis of this ‘overes-
timation’ strategy is that ASD subjects classiﬁed frame as homoge-
nous more than controls (Fig. 6B) for the smaller border width
(level 1). Another argument against a counting strategy is that
one would expect to ﬁnd differences in reaction times between
the groups, speciﬁcally on stack and frame stimuli. There were
no such differences between the groups (see Section 2). In addition,
subjects with ASD were not slower in responding to stack/frame
stimuli than to homogeneous stimuli as might be expected if they
were counting the number of orientations (t = .79, p = .443; if any-
thing, they were faster on stack and frame stimuli, see Section 3).
Performance in the ASD group was signiﬁcantly lower com-
pared to controls on frame stimuli during the ﬁrst measurement
(about 10–15%), as we suggest due to enhanced feedback activity.
Interestingly, this difference diminished over measurements and in
the third measurement subjects with ASD had apparently learned
the task as performance scores were similar to the control group.
We should note that some learning can also been seen in the con-
trol subjects as performance increased slightly over measure-
ments, however, this was much more apparent in the ASD group
(possibly due to a ceiling effect in the control group). To our knowl-
edge, it is the ﬁrst time that learning of a visual task has been dem-
onstrated in ASD. This is a remarkable ﬁnding and the question
arises what the nature of this learning could be. A possible expla-
nation is so-called perceptual learning. That perceptual learning
can occur after relatively limited training, and can last for pro-
longed periods of time after learning is well supported by earlier
ﬁndings (Karni & Sagi, 1991). The plasticity of neural interactions
has been shown in occipital areas when subjects learn a visual task,
e.g. to detect the orientation of textured stimuli (Schwartz, Ma-
quet, & Frith, 2003). Perceptual learning is already apparent 24 h
after a single training session and it can last for months (Fahle,
2005). Interestingly, perceptual learning is probably established
through lateral and feedback interactions (Schwartz et al., 2003).
Although our experimental setup was not designed to test this,
the (fast) increase in performance in the ASD group could well be
related to perceptual learning. Speculating, perceptual learning
may be different in these patients as a result of stronger feedback
interactions.
Interestingly, previous research on ASD does also give (more
indirect) evidence of an imbalance between feedforward and feed-
back mechanisms. We would like to illustrate this with some
examples from earlier studies on visual perception in ASD—more
examples will exist. A ﬁrst example of an imbalance between feed-
forward and feedback activity comes from studies using (some
form of) the Navon hierarchical letter task. These studies revealed
that subjects with ASD show atypical global precedence compared
to controls (Plaisted et al., 1999; Rinehart et al., 2000; but see Mot-
tron, Burack, Iarocci, Belleville, & Enns, 2003). Indeed, there is also
evidence of local-to-global interference in a Navon task, suggesting
enhanced feedback levels (see Behrmann et al., 2006).
A second example comes from a recent study of Kemner, Lam-
me, Kovacs, and van Engeland (2007). The authors also investi-
gated feedback processing in ASD by presenting homogeneous
and textured checkerboard stimuli to patients and healthy con-
trols. The authors looked at the subtraction ERP from these stimuli,
which can be related to feedback activity. The data showed a differ-
ence in the latency of the ERP peak related to feedback and
although the difference was not signiﬁcant, probably due to the
low number of subjects, the data could be interpreted as support-
ive of our ﬁnding of aberrant feedback mechanisms.
Finally, atypical lateral and feedback connectivity has been sug-
gested in a recent study of Bertone, Mottron, Jelenic, and Faubert
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tifying the orientation of a texture deﬁned stimulus. Although the
authors relate these ﬁndings mainly to abnormal lateral connectiv-
ity (mediating detection of orientation edges), they discuss the role
of feedback in processing texture deﬁned stimuli, which could
therefore also be affected in ASD.
To resume, our data give evidence for an imbalance between
feedforward and feedback processing in ASD. This imbalance is
probably in favor of feedback processing, caused by enhanced feed-
back from higher to lower visual areas, as compared to control sub-
jects. According to the models of Roelfsema et al. (2002) and
Hochstein and Ahissar (2002), we suggest that stronger feedback
activity in ASD is related to increased detail processing in this pa-
tient group.
Still, there are some aspects of the data which we cannot fully
explain. First of all, what is the nature of the incorrect classiﬁcation
of homogeneous stimuli as stacks in subjects with ASD? And why
did this incorrect response pattern disappear over measurements,
whereas the (high) incorrect judgment of homogeneous stimuli
as frames remained the same? Another question is the nature of
the performance improvement seen in the third measurement.
Could perceptual learning be altered in these patients, possibly
due to enhanced feedback interactions? In addition, we should
take into account that alternative strategies had been employed
by the ASD subjects, such as counting the number of orientations.
We suggest that imaging data can provide more insight into the
nature of abnormalities in visual processing that are related to
recurrent processes.
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